In this study, azo dyes containing an imine group were synthesised by coupling phydroxybenzylidene aniline with the diazonium salts of p-toluidine, 4-aminophenol, aniline, pchloroaniline, p-fluoroaniline and p-nitroaniline. The compounds were characterised by melting point, elemental, UV-Vis and IR analyses as well as 1 H-NMR and 13 C-NMR spectroscopies. Moreover, the experimental data were supplemented with density functional theory (DFT) calculations. The experimental data on FT-IR and UV-Vis spectra of the compounds were compared with theoretical results. The DFT calculations were performed to obtain the ground state geometries of the compounds using the B3LYP hybrid functional level with 6-311++g(2d,2p) basis set. Frontier molecular orbital energies, band gap energies and some chemical reactivity parameters, such as chemical hardness and electronegativity, were calculated and compared with experimental values. A significant correlation was observed between the dipole moment and polarities of the solvents and the absorption wavelength of the compounds.
INTRODUCTION
Azo dyes have been widely used in various areas, such as textile dyes (1-2), printing systems (2), photoelectronics (3), coloring fibres (4) and optical storage technology. They are also commonly utilised in many biological reactions (5, 6) and in analytical chemistry (7) (8) . Schiff bases are also an important class of organic compounds that exhibit a broad range of biological activities, including antibacterial (9) , antifungal (9) , antiproliferative (8) , anti-inflammatory (4), antimalarial (8) , antipyretic (8) and antiviral (5) properties (6, 10) . Azo dyes and related Schiff bases containing both imine (-HC=N-) and azo (-N=N-) groups have received much attention in both fundamental and applied research areas. Azo-azomethine dyes containing hydroxyl groups are of particular interest because of the proton tautomerism that exists between the enol-imine and keto-enamine forms (11) (12) (13) (14) .
Because of the proton-transfer ability of azo-azomethine dyes, they play an important role in many scientific fields; in addition, their tautomers exhibit different optical behaviours and possess different electronic absorption spectra and dyeing properties (1, 4, 5) . The extent to which a tautomer is favoured under certain conditions can play a significant role in terms of its structural and optical behaviours in different medium (6, 15) . Inter-and intramolecular proton transfer from the phenolic oxygen to the imine nitrogen alters photophysical properties, such as electronic structure and ground-and excited-state dipole moments (5) (6) . In addition to these solvent effects, substitutions are also important in understanding many chemical and physical behaviours, such as hydrogen bonding and tautomerism of Schiff bases in solutions (5, 6) . In this study, we examine the relationship between the structural and spectroscopic behaviours of azo dyes containing Schiff bases using density functional theory (DFT) analyses and estimation of singlet ground-and excited-state dipole moments (6) .
The literature contains many reports on the successful application of DFT to azo dyes (16) (17) (18) (19) (20) (21) (22) (23) . In this study, a series of azo dyes containing an imine group were synthesised and characterised using both spectroscopy and Kohn-Sham DFT (24) method. The molecular structures and FT-IR and UVVis spectra of the azo-imine dyes synthesised in this study were obtained using the B3LYP method with 6-311++g(2d,2p) basis set. Solvent effects on the absorbance characteristics of the dyes were theoretically studied in solvents of different polarities, such as dichloromethane (DCM), dimethylformamide (DMF) and ethanol (EtOH).
EXPERIMENTAL PROCESS
All reagents and solvents for synthesis and analysis were purchased from Merck (Germany) and Sigma-Aldrich (US) and were used without further purification. p-Hydroxybenzylidene aniline were synthesised and purified according to methods used in previous studies (11, (25) (26) (27) . In this study compounds 2, 3 and 6 are new compounds and these are given here first time in the literature, also theoretical calculations of all the compounds except 4 are studied for the first time. Azo-imine compounds were obtained by coupling p-hydroxybenzylidene aniline with the diazonium salts of ptoluidine, p-hydroxyaniline, p-chloroaniline, p-fluoroaniline and aniline in a 1:1 molar ratio at 0-5°C. The crude products were purified by recrystallisation from EtOH-water. Elemental (C, H and N) analyses were performed using a LECO CHNS-932 elemental analyser (LECO Corporation, US).
UV-Vis spectra were obtained using a Genesys 10S UV-Vıs spectrophotometer (Thermo Scientific, UK) with a concentration of 5 × 10 −5 mol/L of dye in various solvents, such as EtOH, DCM, and DMF. Infrared spectra were obtained using a Class 1 Laser product FTIR (Thermo Scientific, US) in the 400-4000 cm −1 range. 1 H-NMR and 13 C-NMR spectra were obtained using an AC 400 (400 MHz)
NMR spectrometer (Bruker, Germany) with deuterated dimethylsulphoxide (d6-DMSO) as a solvent and tetramethylsilane as an internal standard.
General procedure for synthesising azo-imine dyes
p-Hydroxybenzylidene aniline was synthesised by a condensation reaction between phydroxybenzaldehyde and aniline at a 1:1 molar ratio, as described previously (6, 11, (25) (26) (27) , and the reaction mixture was refluxed for 3 h. Azo derivatives were synthesised from the phydroxybenzylidene aniline by reaction with diazonium salts at 0-5°C. The general synthetic method is depicted in Figure 1 . Azo-coupled Schiff bases were synthesised using standard coupling methods (6, 8, 11) . p-Toluidine
(1 g; 9.33 mmol) was dissolved in 40-mL water containing concentrated HCl solution (2.4 mL; 27.9 mmol) and then diazotised at 0-5°C with a solution of NaNO2 (0.64 g; 9.33 mmol in 4-mL water). 
Synthesis of 4-[[[4-[(4-hydroxyphenyl)azo]phenyl]imino]methyl]-phenol, 3
This compound was prepared in a manner similar to that described in section 1. 
Synthesis of 4-[[[4-phenylazo]phenyl]imino]methyl]-Phenol, 4
This compound was prepared in a manner similar to that described above. 
Synthesis of 4-[[[4-[(4-chlorophenyl)azo]phenyl]imino]methyl]-phenol, 5
This compound was prepared a in a manner similar to that described above. 
Synthesis of 4-[[[4-[(4-fluorophenyl)azo]phenyl]imino]methyl]-phenol, 6
Computational details
Quantum chemical calculations of azo dyes containing an imine group were performed by the Gaussian 09 software package (28) using Becke's three-parameter exchange functional (B3) (29) combined with the nonlocal correlation functional of Lee, Yang and Parr (LYP) (30) with 6-311++G(2d,2p) basis set. Ground state geometries of the azo-imine dyes in gas and solvent phases were optimised with the same method and basis set without any constraint on the geometry.
Vibrational analysis was used to verify whether the optimised structures corresponded to local minima on the potential energy surface. The self-consistent reaction field method and the conductor-polarizable continuum model (31) were used for UV calculations. The vertical excitation energies and oscillator strengths at the optimised ground state equilibrium geometries were calculated for DCM, DMF and EtOH phases using time-dependent DFT computations and the same hybrid functional and basis set, and the UV-Vis absorption properties of the synthesised azo-imine compounds were investigated for these solvents.
The highest occupied molecular orbital (HOMO), lowest unoccupied molecular orbital (LUMO) and electrostatic potential (ESP) surfaces of the optimised forms of the molecules were obtained.
Electronegativity (χ) and chemical hardness (η) were also calculated. The theoretical results proved invaluable in interpreting the experimental IR and UV-Vis spectra of the compounds.
RESULT AND DISCUSSION
The UV-Vis spectra of the azo-imine compounds were obtained at a concentration of 1 x 10 −5 mol/L in EtOH, DCM, DMF and pH of 2 and 12 (in DMF). The UV-Vis spectral results of the compounds are depicted in Table 1 . The major absorption peaks with highest extinction coefficients are attributed to ππ* and nπ* transitions at 318-389 nm and 372-521 nm, respectively. A weak nπ* transition was observed as a shoulder peak in the spectra because it overlapped with the strong ππ* transition. Figure 2 shows the UV-Vis spectrum of compound 3. Increasing the pH and polarity produced a bathochromic shift. In acidic medium, the absorption bands for all compounds were observed in the visible spectral region of 328-501 nm ( Table 1) . Consistent with experimental measurements for the compounds, theoretical calculations of their UV-Vis spectra showed that the absorption wavelengths obtained using DMF as a solvent were generally longer than those obtained using other solvents. The absorption wavelengths of compounds 2-7 in DCM and EtOH were found to be at around 425 nm, 430 nm, 423 nm, 432 nm and 424 nm, respectively (Table 1) , whereas they were 2 nm higher for the same compounds in DMF. Compound 7, which bore the NO2 substituent, exhibited two large absorption peaks at 398 and 504 nm. Besides, for the compounds 2-6, the effects of CH3, OH, Cl and F substituents on the absorption wavelengths were determined to be λ −Cl > λ −OH > λ , which can be attributed to aromatic C-H and aliphatic =C-H stretching, respectively ( Figure 3 and Table 2 ). The asymmetric and symmetric stretching bands of the azo group (-N=N-) were observed at both 1500 and 1450 cm As can be seen in Table 3 , the theoretical and experimental IR results were in close agreement.
However, because the theoretical calculations were performed for single molecules (i.e. intermolecular interactions were not taken into account), calculated aromatic and aliphatic =C-H bond vibrations were found to be higher than experimentally determined values. -CH3, -OH, -Cl and -F substituents did not significantly alter the vibration of O-H, whereas NO2 substitution had a more pronounced effect (Table 3) ). All selected oscillation frequencies are shown in Table 3 . Table 3 . Theoretical IR spectral results of the compounds. The 1 H-NMR spectra of the compounds were produced using DMSO-d6, and the signals at 7.81 ppm and 6.67 ppm were assigned to the aromatic protons. The signal stemmed from imine group appeared as a singlet in the range of 8.45 and 7.76 ppm. Aromatic protons were observed as doublets and, in a few cases, as overlapping doublets/multiplets. The singlet peak of the OH group appeared at 13.03 and 10.12 ppm except for that of the OH group the compound 4, which appeared at 6.10 ppm. An additional signal at 1.91 ppm, which was found in compound 2, was attributed to the CH3 group. Hydroxyl and imine protons were observed as singlet peaks at 13.03 and 8.29 ppm for the H1 and H4 protons in the spectrum of compound 7 ( Figure 4) . The peak at 7.34-7.60 ppm was attributed to signals from aromatic protons (Table 4) . Protons (H2-H7) on the benzene ring adjacent to the nitro group shifted downfield, as expected, due to the unsubstituted benzene protons (H2-H7) in the compound 7. Theoretical calculations showed that the highest molecular energy among compounds 2-7 was shown by the unsubstituted compound 4 (−972.776 au) and that there was no relationship between the electronegativity of substituent groups and the molecular energies of the compounds. showed that the methyl substituent decreased the dipole moment of the compound 4 from 3.6 to 1.5 D. As can be seen from Table 5 , there is no obvious relationship between the electronegativity of the substituents and that of the compounds 2-6. However, compound 7, which bore the highest electronegative substituent (NO2), also showed the highest electronegative. However, these data still suggest that a substituent's electronegativity is not necessarily the only criterion that determines the molecular electronegativity of the compound. The calculated electronic and chemical values of the compounds are shown in the Table 5 . Furthermore, the calculated HOMO-LUMO and ESP maps of the molecules are given in Figure 5 . C-NMR spectra, which are shown in Table 6 and Figure 6 , the aromatic and imine carbon atoms appear in the same region of 163.77-121.33 ppm, which is in agreement with values reported in the literature (5, 8, 13) . The C1 atom conjugated to the OH group produced a signal downfield from the other carbon atoms, whereas the C5 and C6 atoms were shifted downfield, as expected, due to the nitrogen atom. In the substituted benzene ring, the C13 carbon atom resonated downfield due to a decrease in electron density resulting from the presence of -OH, -Cl, -F or -NO2. Conversely, the presence of the electron-donating -CH3 group resulted in upfield shifts in carbon atoms resonances due to an increase in electron density. 
